Abstract. The aim of the present study was to observe whether dexmedetomidine (DEX) combined with sufentanil decreased emergence agitation (EA) in children receiving sevoflurane anesthesia for cleft palate repair surgery. Children undergoing elective cleft palate repair surgery were randomly allocated into the DEX + sufentanil group (group DS; n=50) and the normal saline + fentanyl group (group SF; n=50). Patients in group DS were treated with 0.5 µg/kg DEX prior to induction of anesthesia, whereas patients in group SF received an equal volume of normal saline. Sufentanil (0.2 µg/kg) was administered to induce anesthesia, and 30 min before the end of surgery for patients in group DS. Fentanyl (2 µg/kg) was administered at the same time point for patients in group SF. Mean arterial pressure (MAP), heart rate (HR), duration of surgery and anesthesia, and the dosage of remifentanil were assessed. EA score, Pediatric Anesthesia Emergence Delirium (PAED) score and the Children and Infants Postoperative Pain Scale (CHIPPS) score were documented every 15 min in the post-anesthesia care unit (PACU). The number of cases requiring fentanyl (1 µg/kg) and the recovery profile data were analyzed. Compared with group DS (P<0.05) and the baseline (P<0.05), HR and MAP were significantly increased in group SF immediately following tracheal intubation and extubation. Mean values of maximum EA, PAED and CHIPPS scores were significantly reduced in group DS compared with group SF at 0 (P<0.01), 15 (P<0.05), and 30 min (P<0.05) after arrival at PACU. The incidence of EA in group SF was significantly increased compared with group DS (P<0.05). The dosage of remifentanil during the surgery and the number of cases requiring fentanyl (1 µg/kg) in group DS were significantly decreased compared with group SF (P<0.05). The findings of the present study suggested that DEX combined with sufentanil was able to effectively decrease the incidence of EA in children receiving sevoflurane anesthesia for cleft palate repair surgery.
Introduction
Cleft palate is a common congenital malformation in children. The American Cleft Palate-craniofacial Association recommends that primary cleft palate surgery should ideally be performed within 12-18 months after birth (1) . However, this would increase the potential risk of airway obstruction during the recovery period after general anesthetization for cleft palate repair surgery due to the younger age and association with potent stimulation of oropharyngeal pain, tissue swelling, blockage of blood or secretions and gauze oppression (2, 3) . Simultaneously, these factors may lead to respiratory depression, restlessness, nausea and vomiting, and increase the days of hospitalization and hospital costs (4) . Other factors, such as anticipation of postoperative pain, separation from the family, incapacity, loss of independence, fear of surgery and fear of death may lead to emergence agitation (EA) (5) .
Currently, sevoflurane has been widely used in pediatric anesthesia, particularly for infants, predominantly because it is less pungent and has a more rapid onset and offset than other potent inhaled agents due to lower solubility in blood, a relative lack of airway irritation and greater hemodynamic stability (6, 7) . However, numerous studies have demonstrated that sevoflurane anesthesia in patients had a higher risk of postoperative agitation, particularly in children (8, 9) . The incidence rate of EA varies depending on the type and severity of EA. The incidence of EA is relatively high regardless of the way of the definition; 33% of the time when defining a high threshold for agitation, and 80% of the time when using a lower threshold in children after sevoflurane anesthesia without surgery (10) . The exact mechanisms of Effect of dexmedetomidine combined with sufentanil on preventing emergence agitation in children receiving sevoflurane anesthesia for cleft palate repair surgery sevoflurane leading to postoperative agitation in children are unclear. Relevant factors include age, pain stimulation and surgical methods (11) . Several currently available randomized controlled trials have illustrated the effectiveness of dexmedetomidine (DEX) in the prevention of sevoflurane-related EA incidence, as well as severe EA (12) . Administration of 0.2 µg/kg sufentanil after induction of anesthesia was able to reduce EA in children receiving sevoflurane anesthesia for adenotonsillectomy compared with 2 µg/kg fentanyl (13) . However, the views on the influence of the agents on EA remain controversial.
Various studies have focused on the application of DEX and sufentanil separately regarding sevoflurane anesthesia in children; however, research on the application of DEX combined with sufentanil is limited. In the present study, the clinical efficacy of DEX combined with sufentanil in children receiving sevoflurane anesthesia for cleft palate repair surgery was investigated.
Materials and methods
Ethics statement and patients. The present study was approved by the Bioethics Committee at the Second Xiangya Hospital of Central South University (no. 2012045; Changsha, China). Following internal review board approval and parental informed consent, 100 ASA physical status I-II (14) children (male/female: 42/58; 1-5 years old) who were scheduled to undergo sevoflurane anesthesia for cleft palate repair surgery were included. Following approval by the Ethics Committee of the Second Xiangya Hospital of Central South University, the study was prospectively conducted between January 2013 and October 2015. Informed consent was obtained from all individual participants included in the study. Exclusion criteria included the following: Lack of consent; disorders of the respiratory, circulatory or nervous system; known adverse reactions to DEX and sufentanil; a history of adverse reactions to general anesthesia, difficulties with airways, breath-holding and/or postoperative bleeding; or illness that would be associated with agitation, such as seizures or schizophrenia. Children were randomly allocated into the DEX + sufentanil group (group DS; n=50) or the normal saline + fentanyl group (group SF; n=50). Subjects were randomized by the use of a computer-generated table of random numbers to receive DEX or placebo.
Anesthetic management. Both groups of children were fasted from solid foods for 6 h prior to the procedure; clear liquids were permitted until 2 h prior to admission to the operating room (OR). A total of 0.01 mg/kg penehyclidine hydrochloride (Lisite Biopharmaceuticals Co., Ltd., Chengdu, China) was administered intravenously to all children as soon as intravenous access was established prior to admission into the OR. A total of 0.5 µg/kg DEX (diluted to 20 ml; Hengrui Biopharmaceuticals Co., Ltd., Lianyungang, China) was administered intravenously over a 10-min period prior to induction of anesthesia in group DS, and the patients in group SF received an equal volume of normal saline. Intravenous induction of anesthesia using midazolam (0.05-0.1 mg/kg; Enhua Pharmaceutical Group Co., Ltd., Xuzhou, China), propofol (2.0 mg/kg; Fresenius Kabi AB Pharmaceutical Group Co., Ltd., Beijing, China) and cisatracurium (0.15 mg/kg; Dongying Pharmaceutical Group Co., Ltd., Jiangsu, China) was performed. Sufentanil (0.2 µg/kg; Renfu Pharmaceutical Group Co., Ltd., Yichang, China) was administered intravenously after induction and 30 min before the end of cleft palate repair for patients in group DS. Fentanyl (2 µg/kg; Renfu Pharmaceutical Group Co., Ltd.) was administered intravenously at the same time for patients in group SF. Tracheal intubation (Meinuo Medical Appliances Co., Ltd., Suzhou, China) was performed by an attending doctor after loss of consciousness and the observer assessment of alertness and sedation (OAAS) score was ≤3 (15) . Dexamethasone (0.1 mg/kg; Fengyuan Pharmaceutical Group Co., Ltd., Anhui, China) was administered after anesthesia induction to reduce post-operative nausea and vomiting. Cisatracurium (0.1 mg/kg; Dongying Pharmaceutical Group Co., Ltd.) was selectively administered according to maintenance time of muscle relaxant drugs and surgical time. Anesthesia was maintained with 2% volume inhalation of sevoflurane (Yapei Pharmaceutical Group Co., Ltd., Shanghai, China) and remifentanil (Rennfu Pharmaceutical Group Co., Ltd.) 1.5-2.5 ng/ml target-controlled infusion (TCI). All anesthetic administrations were terminated 10 min before the end of surgery. All pharmacological agents used in the present study were prepared and administrated by the anesthesiologists who were blinded to the details of the study.
Anesthesia management. Pressure control ventilation mode was used to maintain breathing, and set inspiratory pressure (10-15 mmHg), oxygen flow (2 l/min), respiratory ratio (1:1.5), respiratory rate (18-30 times/min) and the partial pressure of end-tidal carbon dioxide (PETCO 2 ; 35-45 mmHg). Anesthesia was maintained with sevoflurane 2% volume inhalation and remifentanil 1.5-2.5 ng/ml TCI to control the change of mean arterial pressure (MAP) and heart rate (HR) to within 25% of the baseline (baseline valued were obtained from patients prior to any medication and surgery). MAP, HR, peripheral capillary oxygen saturation (SpO 2 ) and PETCO 2 during the surgery were monitored. The depth of sedation was monitored using the A-2000 XP bispectral index monitor (Aspect Medical Systems, Inc., Norwood, MA, USA). Children were sent to the post-anesthesia care unit (PACU) after surgery, where EA scores were observed and recorded. An emergence agitation scale (EAS) was measured every 15 min in the PACU (16). Aono's scale (17) of 3 or 4 were classified as severe EA. Tracheal extubation was performed with careful suction when spontaneous breathing ventilation (indicated when PETCO 2 reached 35 mmHg) was achieved and children regained gag or cough reflex. Patients without pain that were calm and with a modified Aldrete score >10 were transferred to the ward (18) . The time at which these criteria were met was also recorded. The Children and Infants Postoperative Pain Scale (CHIPPS) was adopted to determine whether fentanyl at 1 µg/kg was administered (CHIPPS pain score >5) as rescue medication or not (19) . Time to extubation was defined from admission to PACU until the trachea was extubated. The recovery time was defined as the time between the admission to and discharge from PACU. EA, Pediatric Anesthesia Emergence Delirium (PAED) (20) and CHIPPS scores were documented every 15 min in PACU by a well-trained PACU nurse who was blinded to the study.
Aono's scale and PAED scale. Aono's scale (17) was used to evaluate post-operative behaviour (1=calm; 2=not calm but could be easily consoled; 3=moderately agitated or restless and not easily calmed; and 4=combative, excited or disoriented, thrashing. around). Severe EA was defined as an Aono's score of 3 or 4. PAED scale was defined as follows: 1, the child makes eye contact with the caregiver; 2, the child's actions are purposeful; 3, the child is aware of his/her surroundings; 4, the child is restless; and 5, the child is inconsolable.
Observed parameters. MAP and HR at T1 (entering the OR), T2 (before induction of anesthesia), T3 (immediately following tracheal intubation), T4 (end of the surgery) and T5 (immediately following tracheal extubation) were recorded. Duration of surgery and anesthesia and the dosage of remifentanil was assessed. EA, PAED and CHIPPS scores were documented every 15 min in the PACU. The number of cases that required fentanyl (1 µg/kg) and the recovery profile data were analyzed.
Statistical analysis. Data were presented as the mean ± standard deviation. Statistical analyses were performed using the statistical package, SPSS v. 16.0 for Windows (SPSS, Inc., Chicago, IL, USA). Patient characteristics were compared using one-way analysis of variance with Kruskal-Wallis post hoc tests and χ 2 test where appropriate. Differences in the incidence of severe EA among the groups were analyzed using χ 2 test with Fisher's exact test correction. Differences in PAED and CHIPPS scores among groups were analyzed using the Kruskal-Wallis test with Bonferroni's correction. P<0.05 was considered to indicate a statistically significant difference.
Results
Excluded patients. A total of 100 patients were enrolled into the present study, of which 93 fulfilled the inclusion criteria. A total of 7 patients were excluded. The excluded patients included 4 patients from group DS and 3 patients from group SF, due to breath-holding and postoperative bleeding (Fig. 1) .
Patient demographics and duration of surgery and anesthesia.
Patient demographics and duration of surgery and anesthesia are presented in Table I . No significant differences were identified in patient demographics or duration of surgery and anesthesia among the two groups.
Anesthetic data. HR and MAP were maintained within 25% of the baseline in both groups throughout anesthesia (Fig. 2) . HR and MAP were significantly increased in group SF immediately following tracheal intubation and extubation compared with group DS (P<0.05) and the SF baseline (P<0.05). HR and MAP at T2 (before induction of anesthesia) were significantly increased in group DS compared with the DS baseline (P<0.05).
Postoperative pain and severe EA. The incidence of severe EA (Aono's scale 3 or 4) was 2/46 (4.3%) in the DS group and 26/47 (55.3%) in the SF group (P<0.01). The incidence of EA was 4/46 (8.6%) in the group DS and 36/47 (76.6%) in the SF group (P<0.01; Table II ). The incidence of severe EA and EA was significantly decreased in the DS group compared with the group SF (P<0.01). The mean maximum PAED score was significantly decreased in group DS compared with group SF (7.2±4.3 vs. 11.8±5.1, respectively; P<0.01; Table II ). The mean maximum CHIPPS score was also significantly decreased in Group DS compared with Group SF (3.0±2.5 vs. 6.2±3.1, respectively; P<0.01; Table II ). The dosage of remifentanil required in group SF was significantly larger than that required in group DS (279.6±32.8 vs. 191.25±28.5, respectively; P<0.01; Table II ). The mean maximum EA, PAED and CHIPPS scores were significantly decreased in Group DS compared with Group SF at 0 (P<0.01), 15 (P<0.05) and 30 min (P<0.05) after arrival at PACU (Fig. 3) .
Recovery profiles. The recovery profiles were listed in Table III . A total of 5 (10.8%) children in group DS required rescue fentanyl doses of 1 µg/kg. This was significantly higher than group SF, in which 29 (61.7%) children required rescue fentanyl doses of 1 µg/kg (P<0.01; Table III ). However, no significant difference was indicated between the two groups in time to tracheal extubation, recovery time and Aldrete score in PACU. There was no significant difference in the incidence of side effects between the two groups, such as coughing, chest wall rigidity, and postoperative nausea and vomiting. Two cases of postoperative bleeding and two cases of breath-holding occurred in the DS group, whereas the SF group had two cases of postoperative bleeding and one case of breath-holding.
Discussion
The present study was performed to evaluate whether DEX combined with sufentanil was able to optimize the efficacy of sevoflurane anesthesia in children receiving cleft palate repair surgery. The present findings indicated that DEX combined with sufentanil effectively inhibited intubation and extubation response of children receiving sevoflurane anesthesia for cleft palate repair surgery, maintained greater hemodynamic stability, reduced the incidence of EA, reduced the dose of remifentanil and reduced the requirement of fentanyl 1 µg/kg Table I . Patient demographics and duration of surgery and anesthesia. Data are presented as the mean ± standard deviation. No significant differences in demographic parameters, duration of surgery and anesthesia between the groups were indicated. Group DS, dexmedetomidine + sufentanil group; Group SF, normal saline + fentanyl group. Table II . Recovery profile of patients based on EA, CHIPPS and PAED scores, and the dosage of remifentanil required. The CHIPPS and PAED maximum scores, and the dosage of remifentanil are expressed as the mean ± standard deviation. EA, emergence agitation; CHIPPS, Children and Infants Postoperative Pain Scale; PAED, Pediatric Agitation and Emergence Delirium; Group DS, dexmedetomidine + sufentanil group; Group SF, normal saline + fentanyl group. Time to extubation, recovery time and Aldrete scores are expressed as the mean ± standard deviation. Group DS, dexmedetomidine + sufentanil group; Group SF, normal saline + fentanyl group. including preschool age, pain, preoperative anxiety, personal character of the patient, too-rapid awakening, otolaryngologic procedures (cleft palate repair surgery) and the use of sevoflurane (21) (22) (23) (24) . Although sevoflurane is associated with a high incidence of EA, it has been widely used as a sole agent for pediatric anesthesia (25) . Numerous studies have shown that benzodiazepines, barbiturates and opioids contribute to behavioral disturbances after sevoflurane general anesthesia (26, 27) .
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The predominant outcome of the present study was that DEX combined with sufentanil significantly reduced the incidence of EA by 68% compared with saline and fentanyl treatment (8.6 vs. 76.6%, respectively). When severe EA was defined as an Aono's scale of 3 or 4, DEX combined with sufentanil significantly reduced the incidence of severe EA by 51% compared with saline and fentanyl treatment (4.3 vs. 55.3%, respectively). A previous study by Özcengiz et al (28) demonstrated that oral melatonin (0.1 mg/kg), DEX (2.5 µg/kg) and midazolam (0.5 mg/kg) reduced the incidence of EA in children after sevoflurane anesthesia and that the incidence of EA among the three groups was similar. Furthermore, intranasal DEX (1 µg/kg) and midazolam (0.2 mg/kg) were demonstrated to be equally effective in decreasing anxiety at parental separation; however, midazolam was superior in terms of providing satisfactory conditions during mask induction (29) . A study by Tan et al (30) revealed that intraoperative continuous infusion of low-dose DEX (0.2 µg/kg/h) was able to reduce EA following desflurane anesthesia without hemodynamic compromise or delayed awakening in pediatric patients undergoing strabismus surgery.
Opioids have been demonstrated to reduce the incidence of EA effectively after sevoflurane anesthesia (31) . Two previous studies have shown that a single bolus dose of fentanyl (either 1 or 2 µg/kg) reduced the incidence of severe EA following sevoflurane anesthesia (32, 33) . The intravenous administration of a single dose of 0.15 µg/kg sufentanil just before skin incision significantly decreased the incidence of EA in children undergoing inguinal hernia repair under sevoflurane anesthesia compared with a single dose of 1.5 µg/kg fentanyl (34) . Although the dosage of opioids is different (0.2 µg/kg sufentanil vs. 1.5 µg/kg fentanyl), Bedirli et al (8) arrived at the same conclusion for adenotonsillectomy. In the present study, sufentanil (0.2 µg/kg) and fentanyl (2 µg/kg) were administered intravenously 30 min prior to the end of surgery. The present study aimed to exclude the influence of post-operative pain on EA and decrease the incidence of EA. Due to regional block, opioids and nonsteroidal anti-inflammatory agents have been reported to decrease the incidence of EA (35, 36) . However, EA still occurs, even after adequate pain treatment or procedures that are not associated with pain (37) . Furthermore, findings from the present study indicated that the mean maximum PAED and CHIPPS scores were significantly lower in group DS than in group SF. The above results demonstrate that DEX combined with sufentanil may alleviate the pain following cleft palate surgery in children and reduce the EA following sevoflurane anesthesia more effectively than saline combined with fentanyl.
In the present study, a significantly increased number of children in group DS required rescue fentanyl doses of 1 µg/kg compared with children in group SF [5 (10.8%) vs. 29 (61.7%), respectively]. This was likely due to the fact that the analgesic effectiveness of sufentanil is 10 times than that of fentanyl, which has a shorter duration of action (38) . Furthermore, compared with saline, DEX provided the effect of analgesia and sedation. Sufentanil provides a fast onset due to its high lipid solubility (39) . The clearance of sufentanil in children was twice as rapid as described in adults and adolescence (40) . In the present study, remifentanil TCI was utilized for the maintenance of anesthesia, as remifentanil TCI reduces the emergence of coughing from general anesthesia more effectively than a single-dose of DEX (41) . However, a single-dose of DEX is able to maintain respiratory and hemodynamic stability during emergence (42) .
DEX, a selective α-2 adrenoceptor agonist, has sedative, analgesic and anxiolytic effects after intravenous administration (43) . DEX also produces dose-dependent HR and blood pressure reductions (44, 45) . In the present study, compared with group DS and the DS baseline, HR and MAP were significantly increased in group SF immediately following tracheal intubation and extubation. HR and MAP of T2 (before induction) significantly increased in group DS compared with the DS baseline. A study by Kim et al (31) concluded that a 1 µg/kg-dose of intravenous DEX reduced EA following sevoflurane anesthesia in children undergoing magnetic resonance imaging. The bolus administration of DEX in this dose was safe and did not lead to an increased incidence of side effects (46) . An intraoperative infusion of DEX combined with inhalation anesthetics provided satisfactory intraoperative conditions for tonsillectomy and adenoidectomy without adverse hemodynamic effects (47) . The study also indicated that postoperative opioid requirements were significantly reduced, and the incidence and duration of severe EA was lower, with fewer patients having desaturation episodes. Furthermore, the number of rescue fentanyl doses of 1 µg/kg in the present study was significantly lower in the DS group than that of the SF group in the present study. A study by Kim et al (48) demonstrated that DEX appeared to be a safe and effective alternative to reduce the occurrence of early EA in children after tonsillectomy and that the mechanism would be associated with the sedation and analgesia effects provided by DEX. For prevention of EA after desflurane anesthesia for 50 and 95% of children undergoing tonsillectomies or adenoidectomies, administration of 0.25 or 0.38 µg/kg DEX has been suggested (31) . DEX produces an analgesic effect; therefore, it may reduce postoperative opioid use and the incidence of opioid-related complications, such as respiratory depression, nausea and pruritus (49, 50) .
The present study had some limitations. Firstly, for the consideration of safety and shortage of personnel, there were only two groups in the present study. Four groups would have improved the study design and may have achieved a superior result to demonstrate that DEX combined with sufentanil is able to optimize sevoflurane anesthesia in children. Experiment design will be optimized in our further research. Secondly, the type of surgery was limited. The reason why palate repair surgery was studied instead of alternative surgeries, such as adenotonsillectomy or cleft lip repair, is due to the increased irritation associated with cleft palate repair surgery (51) . Thirdly, the dose of DEX (0.5 µg/kg) used in the present study was selected based on doses cited in previous studies (52, 53) . A higher dose of DEX may be more effective to decrease EA; however, it may also cause other problems, such as dose-dependent HR and blood pressure reductions or a delay in the restoration of consciousness (54) .
In conclusion, we believe that DEX (0.5 µg/kg) administered intravenously 10 min prior to induction of anesthesia combined with sufentanil (0.2 µg/kg) administered intravenously prior to incision and 30 min before the end of surgery may effectively inhibit intubation and extubation response of children receiving sevoflurane anesthesia for cleft palate repair surgery. This combined DEX and sufentanil administration may also maintain greater hemodynamic stability, reduce the incidence of EA, reduce the dose of remifentanil required and reduce the number of 1 µg/kg fentanyl administrations. Additionally, the present study demonstrated that this treatment did not increase the time to extubation or the recovery time.
